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Our programs in Zoo & Aquarium Science give you the START TODAY 
training you need to grow and advance in your field. AND EARN YOUR 


Small class sizes and professional faculty guarantee CERTIFICATE 
you a personal education with the individual attention IN AS LITTLE 
you deserve. AS SIX MONTHS! 
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Discover what tens of thousands of 
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reptile breeding facilities, veterinar- 
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MISSION STATEMENT 
American Association of Zoo Keepers, Inc. 
soae’ The American Association of Zoo Keepers, Inc. exists to 
AME RICAN advance excellence in the animal keeping profession, 
foster effective communication beneficial to animal care, 
ASSOCIATION 
support deserving conservation projects, and promote the 
of ZOO KEEPERS preservation of our natural resources and animal life. 


ABOUT THE COVER 


This month's cover photo comes to us from Cathy Burkey of the Dallas Zoo and 
features a Galapagos tortoise's (Geochelone nigra) triumphant return to the 
tortoise habitat, complete with an ice treat/veggie "cake" and homecoming party 
after recovering from leg surgery (See article on pp. 94-97). Galapagos tortoises 
have 11 existing subspecies. They are distinguished by different features that are 
adaptations for the habitats of the different islands on which they can be found. 


According to the Galapagos Conservancy, "The giant tortoises of Galapagos are 
among the most famous of the unique fauna of the Islands. While giant tortoises 
once thrived on most of the continents of the world, the Galapagos tortoises now 
represent one of the remaining two groups of giant tortoises in the entire world — 
the other group living on Aldabra Atoll in the Indian Ocean. The Galapagos Islands 
were named for their giant tortoises; the old Spanish word galapago meant saddle, 
a term early explorers used for the tortoises due to the shape of their shells." 


Articles sent to Animal Keepers’ Forum will be reviewed by the editorial staff for publication. 
Articles of a research or technical nature will be submitted to one or more of the zoo 
professionals who serve as referees for AKF. No commitment is made to the author, but 
an effort will be made to publish articles as soon as possible. Lengthy articles may be 
separated into monthly installments at the discretion of the Editor. The Editor reserves 
the right to edit material without consultation unless approval is requested in writing by 
the author. Materials submitted will not be returned unless accompanied by a stamped, 
self-addressed, appropriately-sized envelope. Telephone, fax or e-mail contributions of late- 
breaking news or last-minute insertions are accepted as space allows. Phone (330) 483- 
1104; FAX (330) 483-1444; e-mail is shane.good@aazk.org. If you have questions about 
submission guidelines, please contact the Editor. Submission guidelines are also found at: 
aazk.org/akf-submission-guidelines/. 


Deadline for each regular issue is the 3% of the preceding month. Dedicated issues may have 
separate deadline dates and will be noted by the Editor. 


Articles printed do not necessarily reflect the opinions of the AKF staff or the American 
Association of Zoo Keepers, Inc. Publication does not indicate endorsement by the 
Association. 


Items in this publication may be reprinted providing credit to this publication is given and 
a copy of the reprinted material is forwarded to the Editor. If an article is shown to be 
separately copyrighted by the author(s), then permission must be sought from the author(s). 
Reprints of material appearing in this journal may be ordered from the Editor. Regular back 
issues are available for $6.00 each. Special issues may cost more. 


MEMBERSHIP SERVICES 
Animal Data Transfer Forms available for download at aazk.org. AAZK Publications/Logo Products/ 
Apparel available at AAZK Administrative Office or at aazk.org. 
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The AAZK Trees for You and 
Me Program is celebrating 
its 10" anniversary this 
year, an accomplishment 
we should all be proud of. 
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Spring is a time for AAZK Trees for You and Me and Bowling for Rhinos events to 
show up on calendars across the country. The AAZK Trees for you and Me Program 
is celebrating its 10" anniversary this year, an accomplishment we should all be 
proud of. Thank you to the 70 Chapters that have participated in fundraising efforts 
for this program. 


The AAZK Bowling for Rhinos Program has some changes to share for 2019. 
Highlights include: 


>» The BFR Event Form and $25 Event Registration Fee are both due by May 1* to 
be considered a sanctioned event. 


>» Nominations for the Anna Merz Champion Award and all other nominations are 
included with the Event Registration Form and must be submitted by May 1°. 


» The submission deadline for the Bowling for Rhinos Conservation Resource 
Grant has been extended to November 15". 


On behalf of the Board and the BFR Team, we are happy to answer any questions 
you have about the changes to the BFR Program. Please contact AAZK Board 


Oversight, Nicole Pepo, at Nicole.pepo@aazk.org or the BFR Team at BFR@aazk.org. 


What I know for sure... We plant trees to save polar bears and go bowling to save 
rhinos. Have you checked out the newest addition to the AAZK shop, our Top 10 
sweatshirt? It makes a statement in more ways than one! Visit the AAZK shop on the 
AAZK website and purchase one for yourself and a friend today. It’s a great way to 
spread the word and engage new members for your Chapter and for the Association. 


Spring is also a time for AAZK Chapters to re-charter with the Association. Thank 
you to all of the Chapters that have sent in their re-charter materials for 2019. We 
appreciate your professional allegiance. As you read through your copy of the AKF, 
please take note of things to share with your friends and colleagues. Remind them 
that receiving the Animal Keepers’ Forum is a benefit of being an AAZK member. It’s 
one of the best forms of networking we have outside of the annual Conference. 


Speaking of conferences, I would like to invite all of you to consider joining us for 
the 45" annual AAZK National Conference, hosted by the Indianapolis Chapter of 
AAZK and the Indianapolis Zoo, from August 18 -22. This year’s theme “Driving 
Animal Conservation” is sure to offer delegates an exciting week of dynamic 
conversations and learning opportunities. Conference registration opens on March 
1. Please see the conference advertisement in this issue of the AKF and visit the 
conference website at www.indyaazk.org/#conference for more details. I look 
forward to seeing you in Indy. 


Warm regards, 


pgine 


Bethany Bingham 
AAZK President 
Bethany.bingham@aazk.org 





COMING EVENTS 


April 2-6, 2019 

AZA's Best Practices in Animal 
Keeping 

Tampa, FL 

Hosted by ZoolTampa 

For more information go to: 
https://www.aza.org/best- 
practices-animal-keeping 


May 20-23, 2019 
International Giraffid 
Conference 

Hosted by the Columbus Zoo 
and Aquarium. 

For more information go 

to: https://reservations. 
columbuszoo.org/info. 
aspx?ActivityID=1875 


July 22-26, 2019 

Prosimian TAG Husbandry 
Workshop and Mid-year 
Meeting 

Hosted by the Dallas Zoo 
Three day workshop followed 
by TAG meetings 

For more information contact: 
PTAG2019@dallaszoo.com 
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April 9-10, 2019 

Ape Cardio Workshop 
Waco, TX 

Hosted by Cameron Park Zoo 
For more information go to: 
greatapeheartproject.org/ 
cpzworkshop/ 


May 22-24, 2019 
Chimpanzee SSP Husbandry 
Workshop 

West Palm Beach, FL 

Hosted by Lion Country Safari 


For more information contact: 


jennifer.ireland@nczoo.org 


August 26-28, 2019 
Orangutan SSP Husbandry 
Workshop 

Fort Wayne, IN 

Hosted by the Fort Wayne 
Children's Zoo 

For more information go to: 
http://www.orangutanssp. 
org/2019-workshop.html 


August 18-22, 2019 
AAZK National Conference 
Indianapolis, IN 


Hosted by Indy AAZK and the 
Indianapolis Zoo 


www.indyaazk.org 


Post upcoming events here! 
e-mail shane.good@aazk.org 


April 13-18, 2019 

AZA Mid-Year Meeting 
Phoenix, AZ 

Hosted by Phoenix Zoo 

For more information go to: 
aza.org 


July 13-19, 2019 

Felid TAG: 

Husbandry Courses - July 13-15 
SSP Meetings - July 15-16 

TAG Meetings - July 17-19 
Omaha, NE 

Hosted by Omaha's Henry 
Doorly Zoo and Aquarium 

More information coming soon! 


September 7-11, 2019 

AZA Annual Conference 
New Orleans, LA 

Hosted by Audubon Zoo and 
Audubon Aquarium of the 
Americas 

For more information go to: 
aza.org 


September 30 - Oct. 4, 2019 
New World Primate TAG 
Husbandry Workshop 

New Bedford, MA 

Hosted by Buttonwood Park 
Zoo 

For more information go to: 
https://www.speakcdn.com/ 
assets/2332/nwptag_ save _the_ 
date_v15.jpg 


I had known Gary Clarke for a number 

of years before the AAZK Office (and my 
subsequent employment there) came 

to Topeka, as I had been a zoo volunteer 
and had served on the Friends of the Zoo 
Board. Gary was one ofa kind to be sure. 
His enthusiasm and energy was epic, and 
his love of animals and the zoo profession 
was readily apparent to anyone who 
spent five minutes with him. 


The AAZK Office had lived in several 
locations before it finally landed at the 
Topeka Zoo. Being a very nonprofit 
entity devoted to continuing education 
for zookeepers and worthy conservation 
efforts, the organization did not have 

a lot of money and in those early days 
was certainly on rather shaky financial 
ground. When the building at the 
National Zoo was no longer going to be 
available to house AAZK’s headquarters, 
Gary Clarke stepped in and offered 
rent-free space at the Topeka Zoo for the 
AAZK/AKF Administrative Offices. This 
was when the AAZK administrative side 
and the editorial side of AAZK (AKF) 
came to be in the same office space. 
AAZK moved into what had previously 
been a night keeper’s apartment 

atop the Animal Kingdom Building 

that housed the Zoo’s collection of 
amphibians and reptiles. I believe this 
was around the end of 1979, early 1980. 
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I came to work for AAZK in 1981 as 
editor for Animal Keepers’ Forum and the 
office, while certainly not posh by any 
stretch of the imagination, continued to 
house the AAZK Administrative Office 
until around Spring of 2000, when the 
building was designated as hazardous 
and unsafe, and was razed. At that time, 
AAZK was forced to move to retail office 
space off the zoo grounds and start 
paying rent! The new office space was 
cleaner, free of roaches and mice, had 
regular cleaning and maintenance, but 
our office windows looked out onto a 
parking lot, not the Elephant Yard as it 
had at the Zoo. 


While the AAZK/AKF Offices were at the 
Topeka Zoo not only did we have free 
rent, but were also provided with use 

of the main office copying machines, 

the zoo library, telephone service, and 
the assistance and encouragement of 
many of the Topeka Zoo staff members. 
Gary would occasionally stop me on the 
zoo grounds to inquire how AAZK was 
doing, what new programs were being 
worked on, where the next conference 
would be, etc. I sensed he knew the 
importance of continuing education for 
keepers and applauded AAZK’s efforts to 
provide such through the pages of AKF, 
during paper sessions and workshops 
at conferences, and through the AAZK 





Chapters across the country. Gary was a 
prodigious Thank You Note writer, and 
never failed to send me such a note after 
the publication of each dedicated issue 
of AKF or special subject publications 
like Crisis Management, Zoonotic 
Diseases, etc. 


Gary will certainly be missed by the 
zoo profession. His leadership and 
progressive ideas about zoo exhibit 
design and animal management can 

be seen today at many zoos around 

the country. But most important to me 
in remembering Gary is for the solid 
support and encouragement he offered 
to AAZK during its early days, and | 
believe he would be very proud of the 
progress this Association has made over 
the years. 


Gary was indeed one of a kind and we 
were fortunate to have him on our side. 
He will be missed. 


Susan Chan 


Managing Editor 
Animal Keepers’ Forum 
1981 - 2011 


I was the AAZK National President in 
2010 when I received a card in the 

mail. On the cover was a photo of two 
rhinos copulating with the heading 
COWABUNGA! That was the beginning 
of my friendship with Gary Clarke, the 
Director Emeritus of the Topeka Zoo, and 
Cowabunga Safari’s President-for- Life. 
Gary Clarke had an incredible sense of 
humor that was surpassed only by his 
joy of life, and kindness he bestowed 
upon everyone he met. He was writing 
me on this first occasion to invite the 
AAZK Board of Directors and Staff to his 
home for “sundowners”. Gary knew we 
met annually in Topeka for our mid-year 
meeting and was writing to extend his 
gracious invitation. 


As a member of AAZK it is important 
for you to know that our Association 
may not exist today if it were not for 
Gary’s support in AAZK’s early days. 
Gary started his zoo career in 1957 as 

a summer keeper at the Kansas City 
Zoo. In October 1963 he was appointed 
Director of the Gage Park Zoo in Topeka, 
KS, which evolved into the Topeka Zoo. 
In 1967, the founders of our Association 
began the process of creating what today 
is known as the American Association 
of Zoo Keepers. Gary Clarke was a 
valuable partner in the development of 
AAZK. His contributions included his 
vision of professional development for 
zookeepers, and being a national voice 
for our young Association among his 
peers within the ranks of zoo directors. 
It is important to understand that the 
concept of AAZK was not popular with 
zoo directors of that era, and Gary’s 
support helped AAZK earn acceptance 
through some difficult times. Perhaps 
his greatest contribution was providing 


a central location of operations for AAZK 
at the Topeka Zoo in 1980, a gesture 
that helped AAZK gain momentum and 
progress into becoming the Association 
we all know today. 


In 1989, Gary achieved his long-time 
goal by celebrating his 50" birthday 

on Mt. Kilimanjaro. That same year, he 
resigned as Director of the Topeka Zoo 
and established Cowabunga Safaris. 
Upon his death, he had completed 

140 safaris in countries throughout 

the African continent. On that spring 
evening in 2010, the AAZK Board and 
Staff met with Gary and his wife Margaret 
in their Topeka home. We enjoyed a 

fine meal, Tusker Beer from Africa, 

and shared stories ranging from old 
zookeeper tales to Gary’s adventures 
while on safari. Gary kept in touch over 
the years, always with a hand-written 
letter, never an e-mail. I have never been 
one to save things, yet I have kept every 
letter written to me by Gary; he was a 
figure that to me was larger than life, 
both a part of AAZK’s history and the 
history of modern zoos. Gary continually 
shared with me that he was always 
proud, impressed and inspired by the 
achievements of AAZK and you, the AAZK 
membership. In my mind, I see Gary on 
his final safari, a glorious sunset over the 
African savanna, and feel truly blessed 
that he cared so deeply about AAZK, the 
animal care profession, Africa and its 
wildlife. Rest in Peace Gary. 


Shane Goovl 


Editor 
Animal Keepers’ Forum 
AAZK President 2007-2011 





As a member of AAZK it is important for you to 


know that our Association may not exist today if it 


were not for Gary’s support in AAZK’s early days. 
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I paid $450 for this space in the AKF. 


It will cost you nothing to create a profile on LovetoRide.net 


In 2018 


bike teams representing 11 different AZA facilities 
recorded 
4135 bike trips 
and prevented 
16 O41 pounds of carbon dioxide 
from entering the atmosphere. 


www.lovetoride.net/zoo/companies 


Someone from your facility rides a bike on occasion. 
Maybe they even ride to work once in a while. 


Share WWW. lovetoride.net with them 


and ask them to create a team for your zoo or aquarium. 


Bike Commuting Need Not Be Every Day 
Start Small 
#10f5S 


Please let me know when you create a new zoo or aquarium team. 
Thank you. 
Philip Fensterer 


fensterer3@mac.com 


The April/May 
Issues of the Animal 
Keepers’ Forum 


will be combined into a special double 
issue dedicated to North American 
Songbirds. Expect this special issue 

to arrive in mailboxes in May, in 
recognition of International Migratory 
Bird Day on May 11. 





Reminder — AAZK Professional Members 
AAZK Board of Directors Electronic Voting 


Candidate profiles for election to the AAZK Board of Directors 
may be viewed at www.aazk.org beginning April 1, 2019. 


Professional Member electronic voting for candidates to the 
AAZK Board of Directors will open on the AAZK website (www. 
aazk.org) on May 1, 2019 and will close at midnight June 1, 2019. 


Correction 

We regret that we omitted the author's name in the 
February 2019 Safety article. The article "Safety During 
Training" was written by Danica Wolfe of Zoo Atlanta. 
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Bowling for Rhinos 2019 
Sanction and Award Deadlines 


Beginning this year, new forms and deadlines are being 
implemented for BFR event sanction and trip nominations! 

The Event Information Form and $25 Registration Fee are due 

by May 1* in order for your event to be sanctioned by AAZK. 
Included in the Event Information Form are the Anna Merz Rhino 
Champion Award and Indonesia/Kenya trip nominations; this 

will be your only chance to nominate deserving individuals from 
your BFR event to experience the impact of BFR by visiting our 
conservation partners. These are all firm deadlines, so please 
make sure your Chapters' completed forms and funds are 
submitted by the deadlines above to ensure your Chapter and 
nominees are eligible for awards and trips. The new forms can be 
found in printable and digital format at https://aazk.org/bowling- 
for-rhinos. 


BFR final accounting and funds must be submitted by November 
15" in order for your event to be eligible for awards or trips. It is 
strongly encouraged that Chapters submit these items as soon 
as possible following the completion of their event in order to 
expedite the annual final accounting process. 


The deadline for the Bowling for Rhinos Conservation Resource 
Grant has also been extended to November 15, 2019. Do you 
know a deserving individual or organization that is conducting 
research or conservation initiatives aimed at rhinos, their habitats, 
or the local communities? If so then please make them aware of 
the Bowling for Rhinos Conservation Resource Grant (CRG). Our 
goal is to make AAZK members more aware of the diversity of 
support BFR offers through this grant and increase the visibility 

of the conservation work accomplished as a result. The CRG is 
supported by 2% of funds raised through BFR and is awarded each 
year. Eligible projects not only include in-situ work but can also be 
based on ex-situ rhino conservation and research. Help us spread 
the word! The application for the CRG can be found at https:// 


aazk.org/bowling-for-rhinos/bowling-for-rhinos-fag/. 


The BFR Program Team is here to help if you have any questions 
or suggestions. We can always be reached at BFR@AAZK.org. 
Please join us in realizing our goal of 100% Chapter participation 
and make 2019 the best year yet! 
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Subcuticular Paravertebral 
Calcinosis Circumscripta in the 
Neck of a Captive African Spurred 
Tortoise (Geochelone sulcata) 


H.N. Snyman, Pathologist, Animal Health Centre - British Columbia Ministry of Agriculture, 
Abbotsford, British Columbia, V3G 2M3, Canada; 


M. Prasad, Animal Care Manager, Greater Vancouver Zoo 
Aldergrove, British Columbia, V4W 1N7, Canada; 


B. Burton, Veterinarian, Burton Veterinary Services 
Abbotsford, British Columbia, V4X 2C5, Canada 


Figure 1 (A). Firm and mobile, subcuticular mass along the dorsal midline at the base of the neck. ; 
5 vi “5 “a — Introduction 

| — Calcinosis circumscripta is a well- 
recognised condition in domestic 
mammals and is most common in dogs 
and horses (Gross and Ihrke, 1992). It 
is comparably rare in reptiles with most 
reports being limited to aquatic turtles 
and a few lizard species (Burns et al., 
2013; Chambers et al., 2009; Wenker et 
al., 1999; Frye and Dutra, 1976). This 
current report describes the diagnosis 
of Calcinosis circumscripta in a captive 
mature land-dwelling chelonid and adds 
to the limited knowledge on this distinct 
entity in reptile species. 





1] 
~ * 


Case Presentation 

An ~15-year-old captive male African 
spurred (Sulcata) tortoise (Geochelone 
sulcata) initially presented with a focal, 
2.5 cm diameter, firm and mobile, 
subcuticular mass along the dorsal 
midline of the base of the neck (Figure 
1A). The mass was monitored over a six- 
month period and following progressive 
enlargement was surgically excised for 
further diagnostic evaluation. 


Upon receipt the mass was ~6.1 cm 


in diameter, contained a thick outer 
fibrous capsule, and on cut section was 
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Figure 1(B). Excised multiloculated cervical mass with abundant amounts of soft pasty to gritty, pale yellow 


debris dissected by thick bands of fibrous connective tissue. 


multiloculated with abundant amounts 
of soft pasty to gritty, pale yellow debris 
dissected by thick bands of fibrous 
connective tissue (Figure 1B). A sterile 
swab was taken from the bisected mass 
and submitted for bacterial and fungal 
culture. The remaining mass was “bread 
loafed” and distributed into three 
histocassettes, fixed in 10% buffered 
formalin and routinely processed into 
paraffin blocks. 


Histologically the mass was composed 
of multiple varisized nodular 
accumulations of deeply basophilic, 
granular to amorphous non-birefringent 
mineral lakes that were dissected by 
intervening bands of fibrous connective 
tissue (Fig 2A and 2B). Foci contained 
variable numbers of peripheral 
macrophages and heterophils with rare 
multinucleated giant cells (Fig 2C), rare 
heterophils, few peripheral clusters 

of lymphocytes and scattered foci of 
osseous metaplasia (Fig 2B and 2C). 
Mineral content was confirmed with PAS 
and Von Kossa stains (Fig 2D and 2E). 


Based on the characteristic histological 
features and negative bacterial and 
fungal cultures, a final diagnosis of 
calcinosis circumscripta was made. 


Discussion 

Calcinosis circumscripta (tumoral 
calcinosis) is characterized as tumor-like 
deep dermal and subcutaneous nodules 
that are composed of lakes of deposited 


Based on the characteristic 
histological features and negative 
bacterial and fungal cultures, 

a final diagnosis of calcinosis 
circumscripta was made. 


calcium salts with an associated chronic 
granulomatous inflammatory reaction 
(Gross and Ihrke, 1992). This condition 
is a well-recognised entity affecting 
various mammalian species including 
dogs, horses, cats, and naked mole rats 
and has also been described in man. 

In dogs it typically affects young (< 

2 years) rapidly growing large breed 
dogs. It is far less common in reptile 
species where this condition is often 
synonymously termed hydroxyapatite 
deposition disease (HADD), and false 
gout/pseudo-gout (articular and 
periarticular calcium pyrophosphate 
crystal deposition disease) (Burns et al., 
2013). Reported affected reptile species 
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(A) The mass was composed of multiple varisized 
nodular accumulations of deeply basophilic, 
granular to amorphous non-birefringent mineral 
lakes (*) that were dissected by intervening bands 
of fibrous connective tissue. 2 x H&E. 
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(B) Mineral lakes (*) were surrounded by variable 
numbers of peripheral macrophages and 
heterophils with occasional peripheral lymphoid 
pseudo-follicles formation (arrow). 4 x H&E. 
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(C) Central mineral debris (*) surrounded by 
rare ultinucleated giant cells (arrows) and loose 
accumulations of peripheral lymphocytes and 
plasma cells (arrow head). 20 x H&E. 
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(D) Central mineral debris is variably PAS positive. 
10 x PAS strain. 
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(E) Central mineral debris is strongly Von Kossa 
positive. 10 x Von Kossa stain. 
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include Uromastyx lizards (Cooper and Jackson, 
1981), and a variety of aquatic chelonian species 
(Burns et al., 2013; Chambers et al., 2009; Wenker et 
al., 1999; Frye and Dutra, 1976). 


Although idiopathic in some cases, it is thought to 
arise as a form of dystrophic mineralization, often 
occurring at sites of previous trauma (e.g. bite wounds, 
ear crops, choke collars, subcutaneous injection sites, 
abscesses) and at sites of chronic sustained pressure 
(e.g. subcutis overlying bony prominences, footpad, 
paravertebral soft tissue, tongue). In humans it has 
been associated with autosomal recessive inheritance 
with hyperphosphatemia and/or hypervitaminosis 

D. A similar genetic predisposition might also exist 

in reptiles as some reports affected multiple related 
individuals (Burns et al., 2013). 


Although a historic abscess was considered in this 
case, careful review of this tortoise’s life history 
revealed a thermal burn wound at the same site 
almost 10 years prior. Soft tissue trauma and 
dystrophic mineralisation therefore also represents a 
likely common cause for this condition in reptiles. 


The authors would like to thank Sandra Etheridge, 
Joanne Taylor, and Fiona Downer for tissue trimming 
slide preparation, and the animal care staff of the 
Greater Vancouver Zoo and Burton Veterinary Services 
for their support and assistance. 
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Flower Food Topper” and 
"Tortoise & Box Turtle Flower 
Food Topper” are great ways to 
add fiber to your reptile’s diet, 
and to provide enrichment to 
their routine. Fiber promotes a 
healthy gut, while enrichment 
helps to stimulate their senses 
and may increase activity level. 
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AAZK Professional Development Committee 
Call for Papers and Posters 


Professional 
Development The 45* Annual AAZK National Conference 
Committee Indianapolis, Indiana 


August 18 — 22, 2019 
Conference Theme: “Driving Animal Conservation” 


Call for Papers and Posters 


The AAZK Professional Development Committee is pleased to announce the call for papers and 
posters for the 2019 National AAZK Conference hosted by Indianapolis AAZK Chapter. The Host 
Chapter has chosen the theme “Driving Animal Conservation”. 


Deadline for Submission of Abstracts for Papers and Posters: May 1, 2019 


Authors will be notified regarding acceptance by June 1, 2019. 
How to Submit Your Abstract for Consideration: 


All applications must be received by submitting your abstract through Google Forms. Watch out for 
a link to the Google Form submission on AAZK Social Media and in your e-mail inbox! Or contact 
PDC@aazk.org to receive a link. If you do not use the Google Form application, your abstract will not 
be reviewed. 


Papers 
Authors will be allowed 15 minutes for a presentation with five minutes of Q & A immediately 
following. 


Posters 

Posters will be on display throughout the Conference with a scheduled Q & A session with the 
author. Posters will be judged by members of AAZK PDC on criteria such as adherence to the 
conference theme, innovation, and poster layout and organization. Certificates will be awarded to 
winning posters at the Awards Ceremony. 
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Registration opens March 1, 2019 
Early registration ends July 4, 2019 
Register before May 20, 2019 to be 
entered into a drawing for a $100 gift card! 


Member registration — $265 
Non-member registration — $365 
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Behavioral Observation of a 
Male and Female Komodo Dragon 
(Varanus komodensis) at the 


Tulsa Zoo 


Benjamin Smith, Student 
Oral Roberts University 
Tulsa, Oklahoma 


Advisors: Richard A. Kotarsky M.A., John Korstad Ph.D 


Abstract 

A behavioral research study was 
conducted at the Tulsa Zoo on the 
Komodo dragons (Varanus komodensis) 
for nine weeks. The purpose of the 
study was to determine if a female and 
a male Komodo dragon could occupy 
the same enclosure after interaction 
through a wire mesh. The intended 
goal was for the dragons to be able to 
live and hopefully reproduce together 
once living in the same enclosure. The 
null hypothesis stated that the dragons 
will not be able to live together at the 
end of the experiment due to excessive 
aggressive behaviors. The hypothesis 
being tested assessed if the behavior 
of the two Komodo dragons at the 
wire mesh showed limited signs of 
aggression, then the dragons would be 
able to live in the same enclosure. All 
behaviors pertaining to the experiment 
were recorded during observational 
times for two-hour segments, three 
times per week, for nine weeks. 

Prior to the experiment, the dragons 
were separated and had never been 
introduced. During the first six weeks, 
the dragons were kept in separate areas, 
one in the indoor enclosure and one 

in the outdoor enclosure, and could 
only interact through olfactory, visual, 
and minimal physical communication 
through the wire mesh window that 
was installed on the first day of the 
experiment. After six weeks, the 
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Komodo dragons were introduced 
because their previous observed 
behaviors indicated their capability to 
live together. When the dragons were 
introduced, some slightly aggressive 
behavior was observed, but there was 
no combative behavior that negated the 
chance of the dragons living together. In 
the same enclosure, the male (Moloch) 
constantly laid on top of the female 
(Luska), only leaving her during feeding 
time. After a few weeks of Moloch 
constantly laying on top of her, Luska’s 
behavior indicated signs of fatigue 

by not eating or drinking. Due to this 
behavior, the dragons had to be moved 
to separate indoor enclosures for the 
winter at the Tulsa Zoo. The research 
showed that the dragons were able 

to live together, but not in a mutually 
beneficial state. The Tulsa Zoo plans to 
reunite the dragons after winter when 
the female is in estrus. 


Introduction 

Animal behavior studies are crucial 

for gaining knowledge about learning 
what animals respond to, what stresses 
them, and what they seem to prefer. 

A significant tool used for behavioral 
research is an ethogram, a catalog 

of behaviors recorded or studied 

by scientific observers. Ethograms 
organize the important data and help 
illuminate the purpose behind different 
behaviors. Animal behavior studies 


can be manipulative or observational. 
Manipulative studies tend to have more 
definitive evidence, while observational 
studies are more correlational and 

not as conclusive. Numerous styles of 
animal observation exist. Depending 

on the research project, a different 

style of collecting data can be used 
specifically for that particular research. 
Scan sampling, five second rule, and 
continuous sampling are a few examples 
of behavioral studies that can be utilized. 
Ad libitum sampling only records the 
behaviors of interest while providing 
context for the systematic observations. 
It is the preferred method for 
constructing an ethogram due to minimal 
writing compared to other methods. 
Scan sampling involves studies with large 
groups of behavior and is not as specific. 
The five second rule requires for an 
animal to perform a behavior for more 
than five seconds for it to count, which 

is good for measuring rate or frequency. 
Continuous sampling is the most detailed 
because it focuses on recording all 
behaviors performed by an individual. 

In this experiment, a form of continuous 
and ad libitum sampling is utilized. It 

is important to note that many species 
are similar, but no species are identical, 
so the same method of research cannot 
always be used (Powell, 2008). 


Before beginning the behavioral 
research process, researchers should 
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do preliminary research to build a 
proposal and formulate a hypothesis. 
Familiarizing oneself with the behavior 
of the target animal, especially in their 
captive enclosure, will help decide 

which behaviors should be focused on 
during the experiment. The current 
project was conducted at the Tulsa Zoo, 
under the direction of Ric Kotarsky, the 
Conservation and Research Manager, and 
Celeste Czarniak, a Zoological Curator 
who oversees the reptile department. Mr. 
Kotarsky coordinates all student research 
projects that are performed at the Tulsa 
Zoo. Due to the project being on a reptile, 
all important data recorded during the 
experiment were relayed to Ms. Czarniak 
who was the one who decided when 

to put the dragons together and when 

to separate them. Specific behaviors 

and facts about Komodo dragons were 
obtained to understand how to properly 
evaluate them. 


Figure 2. Komodo dragon basking on artifically-heated rock. 


The existence of Komodo dragons 
(Varanus komodensis) has only been 
known by the outside world since 
1911 because they are restricted to 
about five islands in Indonesia known 
as Komodo, Gili Motang, Gili Dasami, 
Rinca, and Flores Island (Cohn, 1994; 
Goldstein et al., 2012). All islands are 
located within Komodo National Park, 
with the largest population on Flores 
and Komodo island. It was estimated in 
2016 that there are only 3,013 dragons 
left in Komodo National Park, down 
from 3,222 in 2013 (Edmonds, [date 
unknown]). This number is slowly 
declining due to anthropogenic threats 
such as poaching of Timor deer, and 
habitat destruction. Timor deer are the 
monitor’s primary food source, which 
is why poaching directly affects them. 
Economical and effective research 
methods for estimating the population 
density are under study (Ariefiandy et 
al., 2014). 


Partly caused by their isolation, Komodo 
dragons do not have any natural 
predators after reaching adulthood. 
Their diet includes a multitude of 
animals such as Timor deer, water 
buffalo, pigs, chickens, rodents, smaller 
lizards, and even other Komodo 
dragons. They consume all their prey 
except about 12%, which consists of the 
intestines and feces. Komodo dragons 
swing their prey around vigorously, 
shaking out the intestines and feces 
before ingesting (Smithsonian’s National 
Zoo, 2017). In a study conducted in 
Indonesia, it was found that the larger 
the island and prey population, the 
larger in size the Komodo dragons 
were overall (Jessop et al., 2006). A 
longitudinal study from 2002 to 2010 
found that the Komodo Dragon seemed 
to grow to the largest size when it was 
part of an intermediate population 
density (Laver et. al., 2012). The 
Komodo dragon can weigh up to 136 
kg and can grow to over three meters, 
making it one of the largest lizards in 
the world (Pianka, 2004). Despite its 
large mass, it can still reach running 
speeds of up to 21 kilometers per hour. 
Their large mass may be a result of 
their eating habits. Komodo dragons 
consume massive portions of food at 
incredible speed. For example, a 50-kg 
female consumed a 31-kg boar in only 
17 minutes (Auffenberg, 1981). In fact, 
they rarely share food, and often fight 
for it. Auffenberg (1981) recorded a few 
experiments where a larger Komodo 
dragon killed a smaller dragon while 
both were feeding on the same dead 
carcass. Due to their cannibalistic 
behavior, young Komodo dragons are 
arboreal, dwelling in trees and feeding 
on smaller lizards, rodents, and insects. 
Once they grow too large for the trees, 
they must fend for themselves against 
the larger Komodo dragons who may 
injure or kill them. 


There is a common belief that Komodo 
dragons contain venom or poison in 
their mouths that kill their prey when 
bitten. However, it is bacteria in their 
saliva that kills the prey, not venom or 
poison. If the prey escapes an attack, 
the oral bacteria transferred during 
the dragon bite can induce death to 
the animal via sepsis. The dragon is 
then able to locate where the injured 
prey died using its vomero-nasal sense. 
Komodo Dragons can also see objects 
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about 20 people who were reported 
killed and sometimes even eaten by 
adult Komodo dragons (Cohn, 1994). In 
2014, a park ranger suffered a severed 
tendon and vein when a dragon latched 
onto his leg while feeding deer (Jakarta 
Globe, 2014). It should be noted that 
the bacteria inoculated in this bite did 
not kill the man, which questions how 
virulent the bacteria were. Nevertheless, 
there are many pathogenic and non- 
pathogenic bacteria species that thrive 
in the oral cavity of the Komodo dragon. 
As a reptile, sun and heat are required 
for proper functioning of the lizard’s 
body. They prefer to live in regions 

with extreme heat, with temperatures 
averaging 35°C and 70% humidity 
(Bradford, 2014). Observed during a 
study in their native habitat, Komodo 
dragons prefer to heat themselves in the 
forest rather than the savannah or on 
the coast; this is due to the environment 
of the forest best suiting their thermal 
activity zone (Harlow et al., 2010). A 
correlation for less movement towards 
the shade or sun as Komodo dragons 
age was observed. Komodo dragons also 
tend to prefer basking in the morning 
rather than in the afternoon (San Diego 
Zoo Global, 1998). This characteristic 
may fluctuate depending on the 
individual monitor. 


Ferra C20 


Aggression AG Tail lashing, biting, biting and holding, lunging and/or clawing at 
object 

Attack Fast aggression toward another dragon, such as lunging, biting, and 
clawing 


Table 1. Behavior and Definitions of Komodo Dragons (Auffenberg 1981). 


Defecation DF 
Digging DG 
Drinking DK 
Feeding F 
Head-scrape H 
Jumping J 
Leg-holding LH 
Licking LK 
Lip-licking LL 
Mouth-holding M 
Neck-arched NA 
Neck expansion 
Neck-sigmoid curve | NC 
Oblique Stance OS 
Resting RS 
Ritual walk RW 
Rubbing 

Running 

Shiver S 
Tail-blow TB 
Tail-whip TW 


Komodo dragons have a rare 
reproductive capability only known to 
a few different species of organisms. 
Female Komodo dragons can create 
viable offspring without ever being 
fertilized by a male, a process referred 
to as parthenogenesis. In fact, females 
can switch between asexual and 
reproductive behavior to produce 
viable offspring via egg incubation 


Tail tip-quiver TQ 





up to 300 meters away, also helping 
with locating dead prey (Smithsonian’s 
National Zoo, 2017). Much of the oral 
bacteria is hypothesized to have been 
obtained through ingestion of dead 
carrion and remains thriving in the 
lizard’s mouth between their teeth for 
extended periods of time. There are 
three theories for bacteria acquisition 
and the most plausible seems to be the 
indirect spread of bacteria from lizard 
to lizard. In the study involving the 
three models of bacteria acquisition, 58 
species of bacteria were identified in the 
saliva with 93% classified as potentially 
pathogenic (Bull et al., 2010). Potentially 
pathogenic bacteria are usually present 


in wild Komodo dragons but are limited 
in zoos. In a study involving ten adults 
and six neonate dragons in three U.S. 
ZOOS, no virulent strains were identified 
in any of the saliva samples (Goldstein 
et al., 2012). Therefore, the bacteria 
seem to be obtained in the environment 
and may aid in the death of their prey. 
However, the prey is more often killed 
by another dragon, or from the actual 
bite injury, than the bacteria inoculated 
during the bite. 


Komodo dragons do not kill humans 
often, but there have been many reports 
of dragon attacks in Komodo National 
Park. From 1974 to 1994, there were 


(Edmonds, [date unknown]). However, 
when the egg is not fertilized, mitosis 
is likely used, giving rise to a genotype 
that is the same as the mothers. This 
results in all offspring being male 

and explains why about three out of 
every four dragons are male in the 
world. A longitudinal study showed 
that reproduction cost is very high for 
female Komodo dragons due to their 
lower population density (Laver et 

al., 2012). When Zookeepers in two 
different zoos in the UK were surprised 
that two different females produced 
viable male exclusive offspring, without 
fertilization from a male, they decided 
to study the DNA to explain the result 


Type of Behavior 


Average duration of action (min:sec) a 


[ai whipping 


Tail Whipping 


:02-:05 
:01-:02 


Digging 


Table 2. Average duration of each behavioral occurrence. 


(Achiam et al., 2013). Parthenogenesis 
is advantageous in the wild to reproduce 
and carry on the species, but it limits 
genetic diversity, and increases their 
probability of extinction (Watts et al., 
2006). Females can only be produced 
when the adult male fertilizes the adult 
female’s eggs. In zoos, parthenogenesis 
is not advantageous due to the low 
gene pool. In the past, many males 

have been transported to different 
females at zoos to produce more female 
hatchlings (Cohn, 1994). This process 
was not always successful. Currently, 
ZOOS are reviewing the likelihood of 
viable females being produced when 
the same female and male dragons are 
housed together for a long period of 
time (Watts et al., 2006). The longer 
they are together, the more likely it is 
for the male to fertilize the female’s 
eggs, instead of eggs being produced via 
parthenogenesis. 


Komodo dragon life expectancy in zoos 
has increased in recent years compared 
to when they were first introduced 

to zoos. In a study comparing life 
expectancies of different Varanus 
species of lizards in zoos from 1926 to 
2010, Komodo monitors were found 

to have one of the longest lifespans in 
captivity at around 30 years. Males who 
were bred in captivity were more likely 
to live longer than captive bred females 
and wild caught females lived longer 
than wild caught males (Mendyk, 2014). 
Such data raise questions for evaluating 
the quality of zoo enclosures around the 
U.S. because the life expectancy for both 
sexes in the wild is about 50 years. 
Specific behaviors of Komodo dragons 





have been noted by many scientists 
over the years, but the most thorough 
analysis available comes from 
Auffenberg’s work (1981). In the wild, 
male Komodo dragons defend their 
territory from other males, but not 
females. They also sometimes display 
courtship characteristics when mating. 
In a particular study in the wild, one 
male picked the same female repeatedly, 
even in the presence of many females 
(Auffenberg, 1981). When a male and 

a female dragon are together, they will 
show different behaviors of either 

pair bonding, avoidance, defense, 

or aggression. Many behaviors have 
been described by Auffenberg and will 
provide a framework of what to look for 
in this study. 


The observational experiment was 
conducted at the Tulsa Zoo with 
approval and supervision from Mr. 
Kotarsky and Ms. Czarniak. The Tulsa 
Zoo’s interest in this study pertains to 
progeny of the two dragons and the 
quality of their new Komodo dragon 
enclosure finished during the summer 
of 2017. The zoo curators and other 
staff have been and will continue to 
assess the Komodo dragon’s stress, 
health, and activity levels within their 
new enclosures. The female, Luska, 
prefers to be in the indoor enclosure 
while the male, Moloch, prefers to be 
in the outdoor enclosure. Their exhibit 
is located in the Lost Kingdom section 
of the Tulsa Zoo and is supposedly one 
of the largest Komodo dragon exhibits 
in the United States (Tulsa Zoo). The 
Tulsa Zoo planned to house the Komodo 
dragons in the same indoor enclosure 


by the end of the experimental period. 
A wire mesh window functioned as an 
interaction location to introduce the 
dragons before being put together. The 
primary focus was on the interactions 
between a male and female Komodo 
dragon, Varanus komodensis, at the 
wire mesh. The hypothesis being 
tested assessed if the behavior of the 
two Komodo dragons at the wire mesh 
showed no signs of aggression, then the 
dragons would be able to co-habit the 
same enclosure during the winter and 
breeding season. The null hypothesis 
states that the dragons will not be 

able to live together during winter 

or breeding season due to aggressive 
behaviors. 


Materials and Methods 

The research project began on 5 
September 2017 and ran for nine weeks 
through 31 October 2017. Observational 
periods occurred on Mondays from 
1000 - 1200 hrs., Tuesdays from 1230 

- 0230 hrs., and Saturdays from 1100 

- 1300 hrs. Not all times were exact 
during the project due to fluctuations 

in the schedule. I was trained in the 
precise process of behavioral research 
through the Tulsa Zoo DVD (Powell, 
2008). The experiment was strictly 
observational, and no manipulations 
were made. Specific behaviors each 
dragon displayed were recorded during 
the experiment. Behaviors that were 
referenced as framework are listed in 
Table 1 and average behavior times were 
referenced in Table 2. Actual behaviors 
that were recorded are in Table 3. 


During the experiment, both the outdoor 
enclosure (Figure 1) and the indoor 
enclosure (Figure 2) were utilized to 
separate the Komodo dragons. The wire 
mesh was put in place at the beginning 
of the experiment, 4 September 2018 
and observations began on 5 September 
2018. The purpose for the wire mesh 
was to provide a barrier to prevent 

any direct contact from aggressive 
interactions, while still introducing the 
monitors to each other through visual 
and olfactory perception. Behaviors 
were recorded when at least one dragon 
was present at the wire mesh. The 
number of occurrences and the duration 
of each behavior were recorded. Notes 
of behaviors, time of day, weather, and 
location of male and female inside or 
outside were taken. Data were noted in 


Behavior Behavior | Occurrences | behavior 
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Tail Whipping 
Charging in presence of male at mesh | CHMM 
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Defensive 
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Female looking for male fem fs 
Female mount/ jump on male Re 
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Resting/sleeping by wire mesh (both) MB El 
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Rest Related 


Resting/sleeping by mesh (female F 
only) 


Resting/sleeping away from mesh/ Ww 
each other 


Social Nose touching to each other IN | 
Watching each other through mesh 
within 10 ft. 

Female slow approach to male at AM 
mesh 


Solitary Digging 


Reproductive | Female tail raised with male hips FTRM 
under female tail 


Male mount on female 


Male Leg-holding while Female at- MLHF 
tempts to move 
Male chasing female MCF 


Table 3. Ethogram used during data collection. 
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Figure 3. Number of interactions over the experimental period. 


an ethogram. The ethogram used during 
the experiment was modified three 
times prior to the experiment. The final 
ethogram used is shown (Table 3). 


After data collection, the behaviors were 
evaluated and combined into categories 
according to their types of behaviors. 
The categories consisted of aggressive, 
defensive, rest-related, food-related, 
solitary, social, and reproductive. The 
data were inserted into pie charts and 
line graphs for graphical representation 
of the overall occurrences and time 
spent for each behavior. 


Results 

Behavioral results were obtained during 
every experimental period that occurred 
one to three times per week. Figure 3 
reflects the actual number of interactions 
observed by the student every week. 
Behaviors that occurred during 
interactions at the mesh were the focus. 


Table 4 indicates the combined number 
of behaviors that took place over the 
course of the experiment. Figure 4 
shows the graphical representation 

of the change in incidence of the 
different behaviors over time, which 

are the data from Table 4. More notable 
behaviors occurred in the first week, 
like abundant posturing from Luska, and 
when the dragons were put in the same 
enclosure, like Moloch leg-holding Luska 
excessively (Figure 4). The two Komodo 
dragons were introduced after the sixth 
week of the study, which is when new 
behaviors were observed, and other 
behaviors stopped occurring. Such 
changes can be seen in Figure 4 and 
Table 4. Table 3 gives the definitions of 
the abbreviations used in Figure 4. 


Figure 5 is a graphical representation 
that shows the percentages of each 
behavior occurrence compared to others 
for the whole research period. The 
behaviors that occurred the most were 
posturing, nose touching, clawing, and 
resting at various locations. Number 

of incidences does not indicate what 
behavior occurred most of the time, only 
the most frequently. 


Figure 6 combines the behaviors from 
Figure 5 into the categories of each 
type of behavior to reflect the most 
common type of behavior that occurred. 
The combined types of behaviors were 


categorized into aggressive, defensive, 
rest-related, social, solitary, food-related, 
and reproductive. The most common 
were defensive behaviors displayed by 
the female, resting, and aggressive from 
both of the dragons. 


Figure 7 shows the change in the 
combined behavior occurrences 
throughout the experiment. Defensive 
and aggressive behaviors were most 
abundant at the beginning of the 
experiment during week 1 with 49 
defensive behaviors and 27 aggressive 
behaviors noted. At the end of the 
research period in week 9, reproductive 
and social behaviors were most common 
with 18 reproductive behaviors and 13 
social behaviors noted. 


Table 5 gives the times recorded for 
each behavior being performed every 
week and the total amount of time spent 
performing each behavior throughout 
the observational period. Time 

spent shows a different perspective 
than number of incidences for what 
behavioral research consisted of most of 
the time. 


Figure 8 is a pie chart that shows the 
actual amount of time spent engaging 
in each type of behavior. It represents 
the actual amount of time for each 
behavior rather than the number of 
incidences, because each behavior lasts 
a different amount of time. Overall, rest 
related behaviors were most abundant 
with 62.171% of time spent being rest- 
related. Aggressive behaviors were 
actually the lowest amount of time at 
0.231%. Reproductive behaviors were 
the second highest, happening 24.433% 
of the total research period time over 
nine weeks, even though reproductive 
behaviors only began when the dragons 
were put together in week 7. 


Table 6 gives the percentages of the data 
given in Figure 8 for simple reference. 

It also gives the total time spent for 

each group of behaviors throughout 

the entire research period. Rest-related 
and reproductive behaviors were the 
most abundant in time even though they 
were not most abundant for number 

of incidences. A total rest-related time 
of 597 min. and 56 sec. was the most 
common behavior. Aggressive behavior 
only happened for a total of 2 min. and 
13 sec. All the reproductive behaviors 


Type of Behavior 


Biting at mesh 

Posturing 

Pushing mesh 

Resting/sleeping by wire mesh (both) 
Resting/sleeping by mesh (male only) 
Resting/sleeping by mesh (female only) 


Resting/sleeping away from mesh/each 
other 


Clawing 

Tail Whipping 

Nose touching to each other 
Digging 


Charging in presence of male at mesh 
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Charging at mesh without male at mesh 
Pacing by mesh 

Female looking for male 

Female slow approach to male at mesh 


Watching each other through mesh 
within 10 ft. 


Feeding 

Male mount on female 
Female mount/ jump on male 
Male chasing female 

Hissing 


Male leg-holding while Female attempts 
to move 


Violent head shake 


Female tail raised with male pelvic move- 
ment 


Separate after introduction 
Female Bite at Male 


Tail Quiver (F) 
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Table 4. Combined number of behavior occurrences over experimental period. 


occurred after week 7, but was a total of 
235 min. and 5 sec. 


Figure 9 shows the male Komodo 
dragon, Moloch, resting within three 
meters of the wire mesh. The time he 
was at this location was recorded and 
whether the female Komodo dragon, 
Luska, was present at the mesh or 
within three meters of the mesh on the 
other side. This behavior was part of the 
rest- related category. 


Figure 10 shows Luska resting, or 
basking, on the artificially heated rock 
in the indoor enclosure. Her time spent 


at this location was recorded for data 
before the introduction at week 7. It 
was recorded under the rest-related 
category. 


Figure 11 shows Moloch laying on 
top of Luska post-introduction. Most 
of the post-introduction time was 
spent with Moloch on top of Luska in 
similar positions as the one shown. 
This behavior was noted under the 
reproductive category. 


Discussion 
During the observational study, it was 
evident that many of the behaviors were 
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Figure 4. Combined behaviors graph of occurrences over weeks. 


Figure 5. Pie chart of the total behaviors recorded throughout the observational period. 
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more prevalent in the beginning than 

in the end, and vice versa. Important 
behaviors to note for forming a 
conclusion are the resting place location 
and the incidence of aggressive and 
defensive behaviors. The locations of 
where the dragons rested showed the 
level of comfort one dragon has with 
the other. The more often and longer 

a dragon stayed at the mesh, the more 
comfortable the dragon had become 
with the other. Moloch was at the mesh 
door more often than Luska, which 
indicates his desire and comfortability 
of wanting to be with Luska. This may 
have been a mating instinct that was 
triggered once the wire mesh was 
installed and he saw her for the first 
time. The certain behaviors performed 
at the mesh helped to determine if the 
male or female’s intentions at the mesh 
were aggressive or defensive. Aggressive 
behaviors included biting the mesh, 
pushing the mesh, tail whipping, and 
hissing. Defensive behaviors included 
charging the mesh with or without 
Moloch present, pacing by the mesh, 
Luska intently looking for Moloch, 
Luska mounting or jumping on Moloch, 
posturing, hissing, violent head shaking, 
Luska biting Moloch, and tail-quivering. 
Other behaviors were miscellaneous 
and were not influential in concluding 
the dragons' ability to be put together. 
A weekly account for the behaviors and 
weather was kept, giving circumstances 
to better understand the behaviors 

on that day. With the quick notes and 
observations, logical causation and 
dragon comfortability could be gauged. 
After the decision to put the dragons 
together, reproductive behaviors arose 
and were used to evaluate their health. 
These behaviors included laying on each 
other and possibly attempting to create 


progeny. 


At the beginning of the experiment, 

the wire mesh was brand new to the 
dragons, so there was a high level of 
activity demonstrated by both dragons 
in the first week (Figure 4). As they 
became acclimated to the wire mesh and 
seeing each other, activity decreased as 
time went on. 


For week 1, overall activity was very 
high for both Moloch and Luska 

during the first observational period 

on Tuesday (Sept. 5). The female 
showcased a high incidence of posturing, 
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Table 5. Total time spent performing each behavior throughout the experimental period (min:sec). 
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Figure 6. Total behaviors recorded categorized into types of behaviors. 


Type of Behaviors Total Time Spent Overall (min:sec) Percentage (%) 


Table 6. Total time and percentages of the combined types of behaviors from Figure 8. 
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Figure 7. Behaviors combined into type of behavior throughout the experiment. 
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pacing, pushing the mesh, charging at 
the male, and looking for the male; all of 
which can be interpreted as aggressive 
and defensive behaviors that display 
tension that may lead to a brawl if the 
dragons were introduced immediately. 
Luska’s constant quick movement and 
defensive posture indicated her initial 
greeting with the male was cautious, 

a common response for any animal 
meeting another of its species (Czarniak, 
personal communication). Moloch 
constantly clawed and pushed the mesh 
in a very incessant way, not aggressively, 
but simply wanting to be face to face 
with Luska. Moloch’s behavior seemed 
common for a male Komodo meeting a 
female (Auffenberg, 1981). On Saturday 
(Sept. 9), the monitors had their first 
instances of resting near the wire mesh. 
Both rested by the wire mesh at some 
time, but not at the same time as the 
other. Behavior activity was already 
lower than the first observational 
period, only a few days after the 

mesh was installed, showing signs of 
comfortability with the new wire mesh. 


In Week 2, the observational periods 
were slightly off due to changes in 

the schedule. On Monday (Sept. 11) 

the observational period took place 
between 9:00-10:30 a.m., which is 
when the dragons are not usually 
active. The female only dug for 15 min. 
besides resting the whole time and no 
interactions between the male and the 
female happened. She may have been 
looking for a place to lay eggs when 
digging. Komodo dragons are usually 
not active early in the mornings in zoos 
due to no sunlight exposure overnight 
(Czarniak, personal communication). 
On Tuesday (Sept. 12) there were 
interactions that showed more defensive 
postures from Luska towards Moloch, 
though they had decreased since the 
previous week (Figure 7). Both dragons 
rested by the mesh for a total of 27 
min. out of the two-hour observational 
period. This may have been a test to 
intimidate the other dragon, ora sign 
of comfort with their proximity. The 
female spent more time at the mesh, 
which could have been a form of defense 
by wanting to know where the male 
was, or she could have been wanting to 
interact with him. On Saturday (Sept. 
16), there was a notable period where 
both dragons were resting within three 
meters of the wire mesh for 21 min. 

In Week 3, there was not as high activity 


as before. This was possibly due to 

the time of day or switching of indoor 
and outdoor exhibits. According to Mr. 
Kotarsky, Luska prefers the inside and 
Moloch prefers the outside. On Monday 
and Tuesday (Sept. 18-19), Luska was 
outside and Moloch was inside, opposite 
of what each dragon prefers. These were 
also cold days, which could add to the 
reasons of why activity was so low at 
these times. Monday consisted of both 
dragons resting on the artificially-heated 
rock. Tuesday had two encounters at the 
mesh and one resulted in both dragons 
resting near the mesh for a few min. On 
Saturday, (Sept. 23), Luska was back 
inside and Moloch was outside. Moloch 
was at the mesh once but was not visited 
by Luska. This could have been caused 
by Luska’s comfort being back inside as 
well as her incessant digging, distracting 
her from Moloch at the mesh. Luska was 
observed digging under the artificially- 
heated rock in the indoor enclosure for 
25 min. She was able to dig far enough 
under the artificially-heated rock to be 
hidden from the observation window. 
She may have been trying to find a warm 
place to incubate her eggs when she 

lays them (Smithsonian’s National Zoo, 
2017). 


In week 4, the Monday (Sept. 25) and 
Saturday (Sept. 30) observational 
periods were not able to be conducted, 
and only one hour was completed on 
Tuesday (Sept. 26). During the hour, 
the dragons were provided food by the 
keeper staff, but Moloch did not eat, and 
Luska ate two rabbits. There were no 
interactions, which is likely due to each 
dragon getting used to the presence of 
the other and their desire to bask on 
their own artificially-heated rocks to 
stay warm. 


During Week 5, no interactions between 
the male and female were recorded. 
Feeding occurred as usual during 
Tuesday (Oct. 3) afternoon. On that day, 
Moloch rubbed a lot, possibly due to the 
changing of the seasons and growth. 
Humidity, moisture, rain, damp dirt, and 
being hosed by the zookeepers aids the 
shedding process (Czarniak, personal 
communication). Shedding could be 

an explanation for why the dragons did 
not interact on this day. It could also 

be due to the familiarity of the dragons 
to each other. On Saturday (Oct. 7), 
Moloch walked up to the wire mesh four 
times and Luska did not react. Luska 
walked up to the mesh once and Moloch 
did not react either. This behavior 
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Figure 8. Percentage of time for the total combined types of behaviors throughout the entire experiment. 


was a good sign because the dragons 
seemed to have acknowledged each 
other’s presence, and neither indicated 
aggressive or defensive behaviors. 

The lack of defensive behaviors, 
especially for Luska, indicated that 

she felt safe inside her enclosure and 
knows that Moloch will not be able to 
reach her. It also seems to show that 
they have become more used to the 
other’s presence. Overall, the decline 
in defensive and aggressive behaviors 
since week one was a good sign for 
introducing the two dragons completely. 


In Week 6 (Oct. 10), the dragons showed 
similar behavior as week 5, with no 
interactions observed and resting away 
from each other on their artificially- 
heated rocks even when one was at 

the wire mesh (Figure 3). There was 

a higher occurrence of both monitors 
resting away from the mesh than by the 
mesh, though there were times when 
Moloch was resting by the mesh and 
Luska was nowhere near it, and vice 
versa. An important note is that they did 
not both rest by the mesh at the same 
time, as was seen in previous weeks. 
There was also only one experimental 
period (Oct. 10) for week 6. 


Week 7 (Oct. 16) data were collected 
with the help of other ORU students 

via video. After watching the video, 

the incidence of new and old behaviors 
was noted on the ethogram. This was 
when the dragons were first introduced 
face to face, so new behaviors were 
seen such as mounting, jumping, 
chasing, and tail quivering. Luska 

began posturing again, like during the 
second week of observation (Sept. 12). 
Slightly aggressive physical contact was 
demonstrated by both dragons. Luska 
bit Moloch on the side of the stomach, 
mounted and jumped on him, defending 
herself before being chased down and 
mounted by him. She hissed a lot, which 
was a sign of discomfort (Czarniak, 
personal communication). 


Week 8 consisted of Moloch mounting 
on Luska and not letting her go. She 
attempted to crawl out from under 

him but could not because he is larger 

in size and weight. The only thing that 
separated them was feeding time, when 
Luska took advantage of her time away 
from Moloch by not eating her food right 
away. She tail quivered, as if she was 





Figure 10. Luska resting on the artificially-heated rock while in the indoor enclosure. 


preparing to tail whip but did not, when 
Moloch came back and mounted her. 
Once he returned, she seemed to just let 
him mount her, a form of submission to 
Moloch who seemed to have asserted 
dominance (Auffenberg, 1981). 


Week 9 showed similar behavior to 
week 8, with more of Moloch laying 

on her, leg holding, and not letting 

her go. She also seemed to lift her tail 

in an attempt to have reproductive 
intercourse, known as copulation 
(Auffenberg, 1981). This is good for the 
Tulsa Zoo because they hope to mate the 
Komodo dragons to produce progeny. 
However, Luska seemed to have become 
fatigued and desired to be left alone. 
According to the most recent news after 
the end of the research period, Luska 
and Moloch have been separated to keep 
Luska from being fatigued. However, 
during breeding season in the spring, 
they will be put together full time. 
(Kotarsky, personal communication). 
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Overall, the number of interactions 

in Figure 3 shows the tendency for 

the dragons to have become familiar 
with each other, indicated by seven 
interactions in the first week and zero 
by the fifth week. Figure 5 reflects the 
overall most common behaviors. When 
the behaviors were combined into 

types of behaviors such as in Figure 6 
and 7, the graphical representation and 
overall percentages displayed behaviors 
better than the individual behaviors. 

The categories for behaviors showed 

a trend of aggressive and defensive 
behaviors starting out high in week 1, 
then decreasing drastically until week 

7, when they were introduced, where 

a spike in these types of behaviors 
seemed to be caused by the introduction. 
When introduced, the new reproductive 
behaviors increased as well as the social 
behaviors, most likely due to the dragons 
being in the same enclosure. This allowed 
for more time to nose touch and mount. 


Table 6 is important because it reflects 
the actual time spent performing each 
behavior. Some behaviors last a lot longer 
than others (Table 2). For example, a 
Komodo dragon would not bite for as 
long as it sleeps or rests. Biting only 
occurred for a total of 15 sec. over nine 
weeks and resting took up about 597 
min. The pie chart constructed in Figure 
8 shows an accurate percentage (Table 
6) of how much the types of behaviors 
occurred in real time. It depicts that 

the Komodo dragons love to rest 
(62.171%), and lots of time was related 
to reproductive contact (24.433%). The 
large amount of time for reproductive 
contact could be due to identifying 
Moloch laying on Luska as reproductive 
behavior instead of resting. It was 
considered reproductive because he was 
being dominant. Figure 8 also shows that 
any behaviors other than resting do not 
happen often, but when they do happen, 
they need to be recorded promptly. 
Figure 8 shows what behaviors occurred 
during the total observation period of 
nine weeks, not simply how many times 
each behavior happened (Table 4). 


Figures 9, 10, and 11 are helpful for 
understanding what a few of the 
performed behaviors looked like in the 
enclosures. Figure 11 shows Moloch 
laying on Luska, which he did almost all 
the time. This seemed to give Luska lots 
of fatigue and led to the dragons being 
separated. Overall behaviors recorded 
throughout the experiment helped decide 
to officially introduce the dragons, and 
different behaviors led to the decision to 
separate the dragons again. 


Conclusion 

The purpose of this research conducted 
at the Tulsa Zoo was to observe behaviors 
that would indicate a strong possibility 
of a safe introduction for the male and 
female Komodo dragon when put into 
the same enclosure. I can say that the 
introduction at week 7 was a good idea 
because of the previous 6 weeks of data 
showing a strong decrease in defensive 
and aggressive behaviors as well as 
fewer interactions. The hypothesis of 

the dragons being able to live together 
when aggressive and defensive behaviors 
decreased was supported by the 
observation data. Therefore, the null 
hypothesis that the Komodo dragons 
would never be able to live together due 
to aggressive behaviors is rejected. This 


conclusion led to an introduction at week 
7. After introduction, the dragons did not 
seriously injure each other, though the 
female became fatigued and her health 
was monitored closely when the dragons 
were together (Kotarsky, personal 
communication). The dragons did not 
indicate any cannibalistic potential, 

and they will likely benefit from living 
together in the near future by hopefully 
producing progeny. However, the dragons 
had to be separated due to Luska’s fatigue 
from Moloch constantly laying on her. 
Progeny will have to wait until Moloch 
and Luska are reunited during breeding 
season because Luska’s health is being 
restored while the dragons are separated. 


Further research on Komodo dragon 
behavior needs to be conducted to 

better understand the monitors and to 
learn more about the causes of certain 
behaviors. Further research on Luska and 
Moloch at the Tulsa Zoo could be done to 
build on the research from this project. 
More information on the topic can lead to 
better methods for taking care of Komodo 
dragons and better integration strategies 
than the one used in this experiment. 

An idea for further research is to have 

a camera that monitors the dragon’s 
behavior at all hours. (°%™% 
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Editor’s Comments 


Tulsa Zoo Komodo Exhibit Update: 
Since this project was completed 
there have been two more 
occurrences of the Komodo 
dragons being introduced to each 
other. The consensus is that they 
will only cohabitate together during 
breeding periods and only if she 

is receptive. This study and the 
additional introduction attempts 
were conducted only to observe 
their behavior to determine if they 
would be compatible for breeding. 
During the project there was an 
apparent successful breeding of 
the female, but the eggs were 
unfortunately not viable. 


A new camera system has been 
installed in order to allow staff to 
conduct close monitoring of the 
Komodo dragons during the times 
they are put together for breeding. 


Outside of the normal breeding 
period/season they will both 
cohabitate together in the same 
exhibit but there will be a physical 
barrier separating them. The barrier 
will be removed only during the 
breeding time of the year. 
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The Husbandry in Healing 


a Galapagos Tortoise 
(Chelonoides nigra) after Leg Surgery 


Lindsay Glass, Hospital Keeper I! 
Dallas Zoo 
Dallas, Texas 


In March of 2017, 30-year-old Galapagos 
tortoise (Chelonoides nigra) “#12” 
presented with rear leg lameness and 
a large callus on his rear right upper 
thigh, preventing him from walking 
upright. He was observed and treated 
by the Dallas Zoo vet staff in the 
Galapagos tortoise yard for a week and 
a half before being moved to the Zoo’s 
A.H. Meadows Animal Health Care 
Facility (hereafter called the hospital) 
for surgery. Due to the difficulties 

in maintaining a clean surgical site 
post-op, it was determined that #12 
would stay in the hospital until the leg 
was fully healed, under the care of the 
hospital keeper staff. A wide variety 
of treatments and procedures have 
occurred over the last year and a half 
while #12 has been under veterinary 
care, but the primary goals of the 
keepers have remained unchanged: 
keep the wound site clean, provide the 
best possible care to insure a positive 
temperament, and maintain the upmost 
quality of life for the patient. 


Treatments 

Hospital keeper staff was responsible 
for daily care and wound treatments 
that consisted of hydrotherapy 
sessions on the wound site, followed 
by a topical such as Manuka honey? 
or a chlorhexidine scrub® and 

silver sulfadiazine (SSD) cream‘ 
application. The use of hydrotherapy, 
disinfecting wipe, and cream to assist 
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the granulation process was a set of 
treatments performed by the keepers 
for approximately seven months. This 
kept the surgical site clean and clear 

of hay debris while other treatment 
options were explored. A much- 
anticipated V.A.C Freedom® Therapy 
System‘, a backpack-like device that 
aids in drainage using vacuum therapy, 
ultimately proved unsuccessful given the 
site’s proximity to the plastron, which 
prevented the vacuum from sealing 
completely. Subsequent treatments 
included MEDIHONEY® patches? that 
were applied by the vets and changed 
approximately every five days. Honey 
applications were always paired with fly 
gel and keeper checks to ensure no fly- 
strikes. These were successful in closing 
the wound adequately until there was 
no longer a deep enough pocket to pack 
with the patches. The final treatment 
plan utilized an Assisi Loop™, a looped 
wire encased in plastic, which is placed 
around the wound. The loop created a 
targeted pulsed electromagnetic field 
within it aiding the healing process 
with increased blood and lymph flow 

as well as reducing pain due to the 
anti-inflammatory effects of the field 
(Rohde et al., 2009). Three 15-minute 
sessions a day with a minimum 2-hour 
break in-between treatments required 
the use of careful time management and 
note keeping to maintain the treatment 
schedule. After a 4-week trial run, the 
vets were satisfied with the healing 


quality (healthy muscle, good vessel 
formation, improved granulation, etc.) of 
the surgical site and opted to continue 
this treatment plan until #12’s return to 
the tortoise habitat eight months later. 


Husbandry 

Hospital staff consistently monitored, 
evaluated, and tailored the husbandry 
to fit the patient, including his mental 
health and quality of life. Although a 
tractable patient with a generally sweet 
disposition, #12 presented unique 
challenges as a reptile. Typically less 
expressive, with less visible stereotypic 
behaviors than their mammal 
counterparts, reptile mental health is 
still a new area of study (Warwick et 
al., 2013). Tortoise #12 would spenda 
large portion of every day facing a stall 
corner, immobile. While not unexpected, 
the lack of engagement with his 
surroundings, enrichment, and keeper 
staff was not ideal. Additionally, when 
he would move, the body conformation 
and movement looked more like a sea 
turtle on land rather than a Galapagos 
tortoise walking. The decreases in 
locomotion, interest in diet, defecation, 
and energy became the target areas for 
change in his care. 


After discussing options with the 

vets and hospital manager, the most 
important component of changing 

the behavior was getting #12 moving 
upright again. Given the extensive tissue 


removed during surgery, it was likely 
the leg was still experiencing discomfort 
and tenderness. A trash can dolly was 
easily accessible and considered the 
best prototype for assessing how his 
movement was being hampered by the 
surgical site. The dolly was attached 

to #12’s underside and there was an 
immediate change in walking posture. 
With the dolly reducing the pressure 

on the rear leg, he was able to support 
himself with his front legs. It worked 
well enough that #12 took keeper- 
accompanied walks outside on nice 
afternoons. Unfortunately, this was only 
a temporary solution. The dolly detached 
from the tortoise daily. Until a more 
permanent solution could be found, #12 
was dolly-less and back to his corners. 
One week later, half of a bowling ball was 
epoxied to his plastron just inside the 
rear right leg giving #12 the permanent 
boost he needed to stay off the ground. 


Photo 1: Progression of wound healing during the Assisi Loop® treatment period, from November 2017-July 2018. Photo credit: Jenifer Joseph 


Upon entrance into the hospital, staff 
worked with the Zoo’s Animal Nutrition 
Team to adjust #12’s diet for his stay. The 
original diet, offered triweekly, included a 
formulated tortoise chow, collard greens, 
kale, carrot, and fruit with a daily offering 
of coastal hay. During his period of 
extreme lethargy, the diet was modified 
to compensate for the lack of locomotion 
available to him in the hospital. The chow 
was removed and produce reduced by 
half, thus allowing keepers to tong-feed 
#12 while he was refusing his diet when 
presented on a tray. 


Addressing #12’s lack of appetite and 
zero waste output took some creative 
problem-solving and ultimately, a change 
of scenery. Across from the hospital is 
the building that houses the zoo’s gorilla 
troops; along this building is a fenced-in 
garden measuring roughly 50m x 10m 
that is planted with browsable plants 
such as photinia (Photinia x fraseri), fig 





— 


(Ficus carica), and grapevine (Vitaceae 
spp.). After consulting with the curatorial 
staff, animal teams, and vets, #12 was 
moved into this garden in June 2017, 
when the weather was consistently 

nice enough in Dallas that temperature 
parameters were reliable. The garden 
encouraged mobility and grazing, while 
exposing #12 to natural light cycles and 
summer rain. Hospital keepers continued 
to provide a water bowl and his diet. 
Walking while on the dolly, outside time, 
water-filled fruits, rides in the hospital 
van, soaking in an unused shark pool, 
and fluid injections from the technicians 
all failed to elicit any fecal production. 

A tank soak followed by an enema 
administered by the vets finally ended 
with results, but #12’s constipation 
remained an ongoing issue for another 
two months. Although still not interested 
in eating his diet, #12 ranged over the 
garden (as evidenced by the marks of the 
newly attached bowling ball in the grass) 
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Photo 2: Building the grass stall. A 2x4 at the front of the stall prevented the soil from eroding out. Photo credit: Lindsay Glass 


and had access to all the available forage a final diet change that removed all fruit hydrotherapy. Keeper staff scrubbed 
for his 3-week stay outside. The natural and roughly 1/3 of the greens from the the wound site with chlorhexidine 
foraging became an important part of original diet to promote healthy weight and applied SSD cream daily. Every 
#12’s daily care and hospital keepers management. three days, they lifted the tortoise for a 
collected a variety of browse from thorough cleaning by vet staff. 

across the zoo and began offering it to While being housed outside, a new 

#12 consistently (minimally 3x/week). treatment plan was developed for To avoid falling into a monotonous 
Regular leafy browse and fluid injections #12’s healing leg. During his stay in the routine once back inside, keeper staff 
(1L/2x week) have kept #12 hydrated browse garden, #12 was lifted every worked hard to provide #12 with 

and have resulted in consistent bowel other day for a 15 minute soak in a natural stimulation and enrichment to 
movements ever since, complementing large shark tank, which replaced the promote the increased activity levels 


Photo 3: Keepers used hanging browse and a custom food stand to encourage #12 to stand and build strength in his legs. Photo credit: Lindsay Glass 
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Photo 4: #12's triumphant return to the tortoise habitat. Pampas with aan ice SPRET ESTE cake" and 
homecoming party. Photo credit: Cathy Burkey 


seen while in the garden. Stall doors were 
opened to the enclosed yard outside 
when weather permitted. Constraints on 
time and manpower made it impossible 
to take #12 to the neighboring grassy 
areas for outside grazing on a regular 
basis given his large size and inability 

to walk, but this was achieved several 
times thanks to a modified exam cart, 
specifically designed for #12 and his 
bowling ball. As the weather cooled and 
there was no definitive end for #12’s 
hospital stay, keepers got creative. In 
the adjoining hospital stall, 1.8 cubic 
meters of soil, 40 pieces of sod, and seven 
suspended UVA/B lights transformed a 
4m x 5m inside stall into a grass yard, 
connected via shift door to #12’s usual 
residence. This insured that #12 would 
be provided with a stimulating space 
filled with natural forage all winter long. 


The final piece to the quality of life 
puzzle presented by #12 was getting 

him to walk correctly again. Once back 

in the tortoise yard, he would need to 
ambulate correctly to cohabit with his 2.4 
conspecifics. Unfortunately, after months 
of disuse, this ability had deteriorated. 

A physical therapy regimen designed by 
the hospital keeper staff was necessary 
to rebuild strength in #12’s rear right leg 


and also provide sufficient motivation 
for him to walk upright. Using high 

value diet items such as produce and 
browse, the staff started rewarding 
small improvements such as placing his 
front feet in the correct conformation 

or raising himself off the bowling ball, 
which he had grown accustomed to 
resting on. A target pole was introduced 
and used to both increase the height 

at which he stood as well as the length 
of time standing. #12 adapted to the 
training right away and demonstrated 
that he had retained the necessary range 
of motion to walk correctly despite the 
surgeries. Physical therapy training 
sessions increased to 2-3 times every 
day to continue his strength-building 
and the approximations advanced to #12 
taking several high-quality steps before 
reinforcement was given. Additionally, 
keeper staff made optimal use of time 
when he was not training to continue 
encouraging correct body conformation. 
This was achieved through use of a food 
stand built high enough off the ground to 
require standing and by hanging browse 
within the stall. These efforts continued 
with future goals of #12 voluntarily 
walking himself to his weekly treatments 
and monthly weigh-ins, thereby reducing 
the need for reptile keepers to come to 


MATERIALS 


@Manuka Honey UMF® 16+, Manuka 
Honey USA, Orlando, FL 32835, https:// 
manukahoneyusa.com/ 


’Nolvasan’ Surgical Scrub, Zoetis Inc, 
Kalamazoo, MI 49007, https://www.zoetis. 
com/ 


°Silver Sulfadiazine Cream, Ascend 
Laboratories, LLC, Parsippany, NJ 07054, 
https://www.ascendlaboratories.com/ 


“V.A.C. Freedom’ Therapy System, KCI USA, 
Inc, San Antonio, TX 78219, www.kci1.com 


*MEDIHONEY’ Dressing, Derma Sciences, 
Inc, Toronto, Ontario M15 354, http://www. 
dermasciences.com/ 


‘Assisi Loop’, Assisi Animal Health 
LLC, Pinehurst, NC 28374, www. 
assisianimalhealth.com 


the hospital to assist in his transport, 
until he was discharged as a patient. 


Conclusion 

Recuperating reptiles can present unique 
challenges to the staff tasked with 

caring for them but the process can be 
extremely rewarding as well. Given the 
length of their recovery time, every effort 
should be made to consider all aspects of 
their well-being from treatment planning 
to the physical and mental quality of their 
life outside of their normal routine. This 
requires a collaborative effort across 
multiple departments, but the small 
improvements and demeanor changes 
during the convalescing period reaffirm 
the effort. At present, #12 is continuing 
to heal in the tortoise yard habitat with 
weekly vet checks. 
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Captive Breeding of Roti Island 
Snake-necked Turtles 
(Chelodina mccordi) at the Tulsa Zoo 


Katie Story, Zookeeper 
Tulsa Zoo Management Inc. 
Tulsa, OK 


Introduction 

The Roti Island Snake-necked Turtle, 
(Chelodina mccordi), is a medium- 
sized freshwater turtle endemic to 
Rote Island, Indonesia. They can be 
found inhabiting permanent or semi- 
permanent shallow inland lakes and 
swamps. In 1994, when the turtles 
were recognized as a separate species, 
demand from the international pet 
trade drastically increased. This 
newly described species was instantly 
considered a rarity, commanding 

as much as $2,000 per individual in 


Picture 1: Roti Exhibit 
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importing countries (Orenstein, 2001). 
As early as 1996, the species was listed 
as Vulnerable by the International Union 
for Conservation of Nature (IUCN). In 

a little over twenty years, they have 
become listed as Critically Endangered 
due to several factors including intense 
demand from the pet trade, highly 
restricted distribution range and habitat 
conversion. The rise of agricultural rice 
fields led to a swift decline in the wild 
Roti population. While the turtles were 
still able to utilize the rice fields, it made 
them particularly easy targets for the 





pet trade (Shepherd and Ibarrondo, 
2005). Due to these factors, the 
Chelonian Taxon Advisory Group (TAG) 
identified the species as one that would 
benefit from increased population 
management under the Association 

of Zoos & Aquariums (AZA) Species 
Survival Plan (SSP) program. In 2007, 
the Tulsa Zoo became home to two of 
these turtles, which were acquired from 
another AZA facility as part of the SSP 
program. Since then, we have received 
three more turtles and in 2017 had 
successful reproduction efforts and 
viable eggs/offspring. 


Sexing 

In 2016, the collection was sexed in 
order to begin the initial steps toward 
breeding success. Being able to see very 
obvious sexual dimorphism with one 
turtle, the guidelines in the studbook 
(Burke, 2013) were used to closely 
examine the tail length relative to the 
anal notch of the plastron. As suspected, 
the largest turtle was a female since 

the tail reached only to the edge of the 
notch. Using the same method, it was 
deduced that one of the remaining 
turtles was male, since the tail very 
obviously extended past the plastron’s 
anal notch, while the other was female. 
The last turtle was left as an unknown 
because the tail extended just past the 
edge of the anal notch. At the time, it 
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Figure 1: Weights of the breeding female Roti Island 
Snake necked turtle leading up to egg laying. 





could not be determined if it was a small 
female or immature male. When staff 
was able to sex the turtles, the females 
were approximately seven-years-old and 
the male was approximately ten-years- 
old. The unknown (at the time) was also 
around seven-years-old, but has recently 
been sexed as a male after another year 
and a half of growth. 


Housing 

We are fortunate to have space to house 
our turtles both on and off exhibit. The 
exhibit (see picture 1) is split into a 
water and land portion with a built-in 
ramp connecting the two sections. It also 
contains a waterfall feature. It is lit by 
four light fixtures, two containing 40W 
LED corncob lights and two containing 
250W incandescent bulbs. The exhibit 
is moderate-sized with total dimensions 
measuring 70” X 86” X 24”, however 
operating dimensions are 70” X 86” 

X 12” due to filtration housing needs. 
The total operating volume of water 

is approximately 300 gallons. A large 
canister filter with biological, chemical 
and mechanical filtration is used to keep 
the water clean. The water is changed 
in a dump and fill manner once a week, 
with the filtration unit being cleaned 
twice a month. Occasionally, the water 
was changed more frequently, but this 
depends upon what food was offered 
and how vigorously it was eaten. Turtle 
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waste is typically hard to break down, so 
any solid waste left behind was scooped 
out to avoid adding extra biomass to the 
system. 


When performing a water change, 
water was mechanically pumped from 
a tempering tank which had been 
treated with Ammonia, Chlorine & 
Chloramine Remover (ACCR) to remove 
any residual ammonia, chlorine and 
chloramines from the tap water. The 
water was not heated, but allowed to 
warm to room temperature, between 
74-76 degrees Fahrenheit, prior to being 
transferred to the exhibit. Typical pH of 
Tulsa’s tap water ranges from 7.4-7.8. 


The land portion of the exhibit tank (see 
picture 1) contained both artificial and 
live plants, with potting soil surrounding 





Figure 2: Egg measurements 





the live plants. The remainder of the 
substrate was sandy loam in some 
portions and a 50/50 mixture of sandy 
loam/sand in the female’s preferred 
digging area. Initially, only sandy loam 
was used, but it was discovered it 
became too compacted when repeatedly 
exposed to water from the turtle’s body. 
To resolve this issue, a 50/50 mixture of 
sand and sandy loam was created. The 
top layer of the substrate was lightly 
raked or overturned on a daily basis, 
while once a week the entire substrate 
layer was overturned and loosened. The 
female increased her digging efforts 
after starting this process. According 

to the studbook, turtles prefer well lit 
areas over shaded areas (Burke 2013); 
however, our female’s preferred digging 
spot was the area least visible by the 
public and shaded by the palm tree. She 
was never witnessed digging anywhere 
that was brightly lit or exposed to public 
viewing. This illustrates the importance 
of giving options within an exhibit or 
holding area so females can choose 
where they feel most comfortable digging 
and/or laying their eggs. 


For off-exhibit needs, a medium 
WaterlandTub® was used to house turtles 
for medical treatment or prolonged 
exhibit maintenance. The dimensions 

are 76” LX 35” W X 24” H, witha total 
water volume of 65 gallons at a depth 
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Figure 3: Measurements of Roti turtle offspring 


of 11”. It is approximately 74 water and 
Y, land. For the land portion, a 50/50 
mix of sand/sandy loam was used to 


create the same substrate as the exhibit. 


On the land portion, a single 100 W 
ZooMed Powersun® bulb was hung 
approximately 20” above the substrate. 
Two 4’ 5.0 UV ZooMed bulbs were hung 
18” above both the water and land 
portion. 


Feeding 

The Roti diet has changed significantly 
since they arrived at the Tulsa Zoo. 
Initially they were fed a diet of capelin, 
crickets or earthworms on a daily basis. 
After a few years, this was changed to a 
diet of capelin, earthworms or shrimp 
three times a week. When breeding 
efforts started, the diet was changed 

to offer more variety, while including 
2-3 fast days per week. According to 
the studbook, produce can be offered 
(Burke, 2013); however, when our 
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Picture 4: Egg Setup 


adults were offered a variety of produce 
they were not interested in any of it. 
Eventually, it was not offered, since it 
only served to decrease water quality. 
The base diet of whole earthworms, 
chopped capelin or chopped shrimp 
was Offered three times a week, while 
adding Mazuri® aquatic turtle gel, 
Dubia roaches, snails, pinkie mice and 
calcium/vitamin-dusted crickets into 
the rotation. When available, they were 
offered tadpoles and feeder fish, but 
this was not on a consistent basis. The 
shrimp, capelin and turtle gel were cut 
into 1/4-1/2” chunks, while all other 
diet was offered as whole prey items. 
The diet was either scatter-fed (shrimp, 
capelin, turtle gel, snails and crickets) 
or tong-fed (Dubia roaches and pinkies) 
When feeding snails, nothing larger 
than a dime was offered, otherwise the 
turtles would push it around but not 
actually consume it and nothing smaller 
than a pencil eraser because they would 


completely ignore it; however, when the 
snails were appropriately-sized, they 
were eaten voraciously. 


Reproduction and Incubation 

The exhibit is in a high traffic building, 
so in order to give them the best 
chance at breeding, the decision 

was made to pull the turtles from 
exhibit and set them up in a quiet off- 
exhibit WaterlandTub as described 

in the housing section. This decision 
was based on a history of observed 
breeding activity on exhibit, but no egg 
laying behavior. It was believed that 
eliminating stress from the equation 
would give the turtles the best possible 
chance of success. 


Chasing and mounting were occasionally 
observed year-round, but consistent 
breeding efforts, with mounting and 
connection, were observed to begin 

19 November 2016. Beginning 23 
February 2017, the female dug several 
test holes in the loose substrate, but 

did not actually lay eggs until the soil 
was misted to create a semi-moist, even 
borderline wet, environment. In the days 
leading up to egg laying, she dug very 
serious test holes and loosely covered 
them up, so it was always evident where 
she had been digging. She would sit in 
the holes for extended periods of time 
(see picture 2), seemingly laying eggs, 
but each time there were never eggs in 
the nest. The day prior to discovering 
the eggs, she repeated this behavior, 

so the area was excavated, but nothing 
was found. On 3 March, there was no 
evidence of digging; however, her weight 
was significantly different, which was 
attributed to scale error. She was taken 
to the vet hospital for x-rays, which 
came back completely clear and egg- 
free. Her holding area, which appeared 
completely untouched, was dug again 
and approximately eight inches down, 
seven eggs were discovered (see picture 
3). This serves to illustrate how well 
hidden a turtle nest can be! 


A monthly weight was logged on all the 
Rotis, but this was especially important 
for our breeding female. An established 
baseline weight was important, so 
tracking possible egg development could 
be performed in a non-invasive manner. 
Figure 1 demonstrates the weights of 
our breeding female in the year leading 
up to laying her first clutch of eggs. 


As previously stated, the seven eggs were 
discovered to be buried approximately 
eight inches below the substrate surface. 
They were delicate and small with an 
oval shape. Figure 2 illustrates the egg 
measurements. 


All eggs were found to be in perfect 
condition, except egg #4, which hada 
small crack in the side. The crack was 
insignificant enough that no repair was 
attempted and it was set up along with 
the others to incubate, but was closely 
monitored for further cracking. 


There are various recommended methods 
for incubating Roti eggs. According to a 
website devoted to Chelodina breeding, 
a 1:1 ratio of vermiculite and water 

has been successfully used; however, 

dry or almost dry vermiculite has also 
obtained success (Odorizzi, 2015). The 
article also mentioned an attempt to use 
sand as a substrate for the incubation; 
however, all the eggs were lost due to 
excessive moisture. The method chosen 
for our eggs was in accordance to the 
method recommended in the studbook. 
After a visual examination, the seven 
eggs were lightly numbered with a 
permanent marker and placed inside a 
large, clear plastic deli container with no 
ventilation holes (see picture 4). They 
were placed on top of a thin layer of 
aquarium floss, which was resting on top 
of a mixture of 1:1 vermiculite and water. 
According to the studbook, eggs should 
be incubated between 27-28 degrees 


Celsius (80.6-82.4 degrees Fahrenheit); 
however, our incubator options were 
limited to two temperature ranges. One 
is a large incubator running between 
80.5-86.0 degrees Fahrenheit and a mini 
refrigerator incubator running 78-80 
degrees Fahrenheit. The slightly cooler 
incubator option was chosen, so the 
eggs were placed in our retrofitted mini 
refrigerator. They incubated for 215 days 
until pipping occurred on 4 October, 
2017. Egg #1 pipped and hatched 
without assistance. Egg #4 was found 
with a very small crack and manually 
pipped, but found to be full-term dead. 
Ege #5 was manually pipped, but found 
to be unresponsive on 6 October, 2017. 
The remaining eggs were discarded due 
to deterioration on various stages of 
incubation. Measurements were taken on 
all hatchlings and are outlined in Figure 
3. 


After hatching, babies were placed on a 
damp paper towel in a small container 
with ventilation holes and placed back 
inside the incubator for a few days until 
the yolk sac is completely absorbed into 
the body. 
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Products 

Fritz Aquatics 

500 North Sam Houston Rd., Bldg B 
Mesquite, TX 75149 
www.fritzaquatics.com/product/pro- 
accr-dry/ 


Mazuri Exotic Animal Nutrition 
PO Box 66812 

St. Louis, MO 63166 
https://www.mazuri.com/mazuri/ 
reptile/turtle 


Waterland Tubs 
Pete@waterlandtubs.com 


www.waterlandtubs.com/ 


Zoo Med Laboratories Inc. 
3650 Sacramento Drive 
San Luis Obispo, CA 93401 
www.zoomed.com/ 
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Learn about Big Cat Management. Internship involves 


Animal Care Apprenticeship and Public Education. 
We offer experience that counts towards employment. 


“Saving Tigers One by One” 
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Ph: 520.434.8281 | Fax: 520.434.0151 


8420 E. Old Vail Rd. Ste, 100 Tucson, AZ 85747 
Email: info@athruz.net | Website: http://www.athruzcages.com 
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Maintenance / Repair / Installation Services by our experienced Field team! 


CONSULTING & DISTRIBUTING, INC. 
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We know that reptiles require enrichment devices, but 
to our knowledge we don’t know of any reptiles that 
have enjoyed the Wildlife Toy Box products. 









What do you think of a Komodo Dragon 
enjoying a YING YANG Ball? Fill the center 
with its favorite slab of meat which it will 
have to extract from the “feeder holes”. 


On the same thought order a 17” 

YING YANG light duty and fill it with 

greens for the turtles to enjoy! 
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The YING YANG is two halves of a ball that are mechanically attached. This allows you 
to clean the interior of the balls easier if food is used as well as different ballast 


options. Why not place a bowling ball into the center of the YING YANG? Get creative, 
run rope through the center to hang the YING YANG. 


Select from 17”, 25” and 31” diameters; Duties start in Light Duty and move up to 
Severe Heavy Duty. 


www.wildlifetoybox.com (866) 793-0376 sales@wildlifetoybox.com 
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8476 E. Speedway Blvd. 
Suite 204 


Tucson, AZ 85710-1728 
U.S.A. 


AMERICAN 
ASSOCIATION 
of ZOO KEEPERS 





“Dedicated to 
Professional Animal Care” 


CZ 


FOOKEEPERS 





op facebook.com/AAZKinc 


fs] @AAZKinc 


Central Nebraska Packing, Inc. offers: 
Classic & Premium Frozen Carnivore Diets 


* ALSO AVAILABLE = 
HORSE SHORT LOINS / HORSE & BEEF BONES 
MEAT COMPLETE WITH TAURINE (RAW MEAT SUPPLEMENT FOR ALL CARNIVORES) 877.900.3003 | 800.445.2881 
PO. Box 550 North Platte, NE 69109-0550 
MEMBER: AZA| AAZV | AAZK info@inebraskabrand.com + nebraskabrand.com 


FELINE & SENIOR FELINE | BIRD OF PREY | CANINE | SPECIAL BEEF FELINE > 
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